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INTRODUCTION
In most tropical woody deep peat soils it is well known that micronutrient deficiencies are one of the major growth-limiting factors for crop cultivation (Tadano ).
Among the micronutrients, Cu, B and Zn appear to be the most deficient elements for crop growth in some tropical peat soils (Joseph et al., ; Ng & Tan ; Chew et al., ; Nilnond et al., ) . Frequently, sterility becomes a serious problem in rice grown in deep peat soils and it was suggested that sterility was due to the lack of Cu or toxicity of phenolic compounds or the combined effect of both factors (Driessen, ) . In peat soils, the growth of maize and tomato is extremely retarded and the yield is very low, and the sterility of barley and rice occurs in no Cu application or B application (only in barley) (Ambak & Tadano, ) .
In acid soil, nutritional factors limiting crop growth are considered to be as follows: (a) the extremely low pH condition of the soil, such as pH . , associated with a high Al concentration in the soil solution, which is an important factor limiting crop growth before liming. Iron toxicity may be another important factor for low land rice under flooding conditions, and (b) after liming, a low K level in the soil may be the primary limiting factor followed by low P and low N (van Breemen & Pons, ;
Takai & Vijarnsorn ).
When field crops are cultivated or introduced into these adverse soils, serious nutritional problems will occur. Nevertheless, since some native plants are growing well under these adverse soil conditions, it is important to know how those plants have developed the mechanisms for adaptation and tolerance. Therefore, in this paper, the strategies of various plant species growing naturally in various adverse soils in the humid tropics are summarized as: ) developing tolerance mechanisms, )
strengthening of nutrient solubilization in soil by exuding H + , OH − , organic compounds, and specific proteins (acid phosphatase and phytase) from roots, ) distributing a high ratio of minerals to photosynthetic organs, )
wasting or storing excess carbon, and ) maintaining a long leaf lifespan. This indicated that the increase of P uptake was related to metabolic energy. In the future, a study on the Al effect on H + -pump and nutrient (par ticularly P) uptake will be necessar y to further understand the mechanism of growth promotion in plants adapted to low pH soils.
MECHANISMS OF AL TOLERANCE TO PLANTS ADAPTED TO LOW PH SOILS

INCREASING NUTRIENT SOLUBILIZATION IN SOIL THROUGH ROOT EXUDATION
In low-P soils, root induced changes in the rhizosphere may be of particular importance in P acquisition. There is more and more evidence that roots release organic acids (especially malic acid, citric acid and perhaps also oxalic acid). Organic acids differ markedly in their capacity to complex Fe and Al and thus solubilize the respective P compounds in soil bound by these ions. The release of organic acids is enhanced under P deficiency (Ohwaki & Hirata, ; Hoffland et al., ; Tanaka et al., ) and in certain aluminum tolerant crop species, as well as by monomeric Al species (Delhaize et al., ) . It is expected that both mechanisms are impor tant in mobilizing P from sparingly soluble sources in the root rhizosphere in low P-supplying tropical soils.
Organic P forms in infertile tropical soils probably also contribute significantly to plant P nutrition, particularly in natural ecosystems (Macklon et al., ) . 
HIGH RATIO OF MINERAL DISTRIBUTION TO PHOTOSYSNTHETIC ORGANS
The distribution ratio of the leaf dry weight to total dry weight decreased with increasing of total dr y weight, while ratio of N and P in leaves remained constant regardless of a decreasing leaf dr y weight ratio. Thus, since N and P are primarily distributed to leaves, leaf longevity and leaf activity remain constant throughout the growth period. Zn and Cu accumulated in the stem, indicating that those elements are distributed to the organs in which starch is actively constructed. As Na and Al accumulate in dead fronds (leaf, petiole, and sheath), Na and Al are excluded from the plant.
The sago palm (Metroxylon sagus) can sur vive in adverse environments, like peat soil, submerged soil, acid soil, and saline affected soil. The sago palm is also a very beneficial plant, because of its following excellent characteristics: ) it is especially suited to submerged soil in humid tropical lowlands, and can survive in deep peat soil, acid soil, and saline affected soil (Flach & Schuiling, ), ) it has high productivity (based on starch per year) which is three or four times that of rice, and ) it is a perennial plant so it is less effected by climatic change (Hisajima, ) . When tropical peat soil has subsided, due to water drainage, deforestation, and fire controlled uncontrolled, acid sulfate soil appears. Therefore, sago palm is a potential species for peat swamp protection commercial exploitation. 
WASTING OR STORAGING EXCESS CARBON
MAINTAINING A LONG LEAF LIFESPAN
The photosynthetic rate and lifespan of leaves were 
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